• Increased galectin-3 levels are found in patients with atrial fibrillation on the third day after myocardial infarction. Galectin-3 could be a useful prognostic biomarker in acute myocardial infarction.
Introduction
Atrial fibrillation (AF) is one of the most common arrhythmias today. The prevalence of AF is approximately 3% in the adult population, and it is independently asso-ciated with a 2-fold increased risk of all-cause mortality. Its prevalence increases with age, and AF is frequently associated with coronary artery disease [1, 2] .
Acute myocardial infarction (AMI) is the leading cause of death worldwide [3] [4] [5] ; the most frequent supraventricular arrhythmia in AMI is AF. Patients with any type of AF (preexisting, first time detected, new-onset AF) in AMI have more comorbidities and are at higher risk of reinfarction, strokes, heart failure, and sudden cardiac death [5] .
Galectin-3 may be involved in the occurrence of AF [6, 7] . Galectin-3 is a member of the galectin family which comprises β-galactoside lectins; it is normally expressed in several cytotypes, e.g. in endothelial cells, epithelial cells, activated microglia, inflammatory cells (mainly macrophages) and various tissues including the heart [7, 8] . Multiple studies have demonstrated that serum galectin-3 levels rise immediately after AMI and decrease significantly within 5 days after the acute event [8] . Galectin-3 has been shown to be involved in ventricle remodeling and prognosis early after AMI [9] .
Fibrosis is a fundamental component of adverse structural remodeling in the myocardium which is triggered by various risk factors (like those present in AMI). Galectin-3 stimulates myofibroblast proliferation and procollagen-1 deposition, which eventually contributes to cardiac fibrosis, structural remodeling, and to further cardiomyocyte dysfunction, and thus forms an ideal substrate for the onset and persistence of AF [10, 11] .
The aim of our study was to compare galectin-3 levels in AMI patients with and without AF in order to investigate the potential predictive role of galectin-3 in this setting. The actual role of galectin-3 in ACS has not been fully elucidated. Fibrosis, inflammation, and myocardial dysfunction are closely related and involved in the occurrence of AF in AMI [12] . Therefore, the secondary goal of this study was to investigate the relationship between galectin-3, high-sensitivity-C-reactive protein (hs-CRP), Btype natriuretic peptide (BNP) and high-sensitivity troponin I (hs-TnI) in AMI patients with and without AF, as well as their potential role in prognosis of AF.
Subjects and Methods
Data were collected from patient medical records, the results of standard laboratory analyses, and invasive and noninvasive diagnostic procedures.
The study included 51 consecutive patients with AMI (ST-elevation myocardial infarction [STEMI] and non-ST-elevation myocardial infarction [NSTEMI] ) and AF, treated at the Clinic for Cardiovascular Diseases, Nis, Serbia. AMI and AF were diagnosed according to current ESC guidelines [4] [5] [6] . Over a period of 14 months (mid-2016 to mid-2017), patients with their first AMI, without prior revascularization, were recruited for the study. The exclusion criterion was previously diagnosed decreased global contractile function of the left ventricle (LVEF < 50%). Twentyseven of the patients (52.9%) had permanent/persistent AF that was diagnosed and treated prior to hospitalization, and 24 of the patients (47.1%) had paroxysmal AF diagnosed during hospitalization. Thirty-eight consecutive AMI patients without AF were used as a control group. There were no statistically significant differences in STEMI/NSTEMI distribution between the study and control groups (37.3 vs. 32.4%, χ 2 = 0.058, p = 0.809). All patients underwent percutaneous coronary intervention (PCI). Venous blood was obtained on the third day after AMI, when PCI was carried out in both STEMI and NSTEMI patients. Plasma was separated from whole blood by centrifugation at a temperature of 25 ° C for 10 min at 3,000 g and stored at -80 ° C for subsequent analysis. Plasma levels of galectin-3, as well as BNP, hs-CRP, and hs-TnI levels were measured using commercially available enzyme-linked immunosorbent assays (ELISA) according to the manufacturer's instructions (Galectin For the galectin-3 ELISA assay, the CV was 30.72 ng/mL and mean minimum detectable dose was 0.016 ng/mL. Echocardiography was performed with an ultrasonic device system (Vivid 4, GE, Chicago, IL, USA) within 24 h after hospital admission. We measured the left atrial and ventricular diameters, and they were indexed by body surface area (BSA) according to the guidelines of the American Society of Echocardiography; the LVEF was calculated from apical 2-and 4-chamber views using the Simpson's biplane method [13] .
Statistical Analysis
The data obtained were analyzed using the Statistical Package for Social Sciences (SPSS 21.0; Chicago, IL, USA). The baseline characteristics are presented as frequencies or means with SDs or medians with the interquartile range for the variables deviating greatly from normal distribution. A contingent of distributional characteristics (i.e., skewness, presence of extreme values, ShapiroWilk test) was used to determine the variables' normality of distribution, and therefore the use of parametric or nonparametric tests. The quantitative variables were analyzed using parametric methods (Student's t test, Pearson's r test of correlation) or nonparametric methods (Mann-Whitney U test, Jonckheere-Terpstra test, Spearman's test of correlation). The association between qualitative variables was evaluated by Fisher's exact test or χ 2 test. Standard linear or binary logistic regression modeling was performed to identify significant variance predictors for the dependent variable. All independent variables were tested for significance using univariate regression modeling, and later, all the statistically significant variables were included in the multivariate analysis to determine the actual predictive value of the model and of each significant independent variable. Receiver operating characteristic (ROC) curve analyses were performed in order to determine the optimal cut-off values of galectin-3 and BNP, with the highest sensitivity and specificity. A p value of less than 0.05 was considered to be a measure of statistical significance.
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Results
The clinical and biochemical characteristics of the study and control groups are shown in Table 1 . There were 32 male (36.4%) and 56 female subjects (63.6%). The youngest patient was 38 years old, while the oldest was 91 (mean age 66.33 ± 11.34 years). Patients with AF had higher levels of hs-CRP (p < 0.01) and galectin-3 (p < 0.05) than those without AF. Pharmacotherapy was prescribed according to the current guidelines of the European Society of Cardiology [4] [5] [6] . Besides the difference in the frequency of amiodarone prescription (54.9% of patients with AF vs. 8.1% of patients without AF, p < 0.001), other medications were prescribed in a similar manner. There were no differences between the prevalence of diabetes mellitus (DM) in patients with AF (19.6%) and those without AF (37.8%). Also, arterial hypertension had a similar frequency in patients with AF (92.2%) and those without AF (89.2%). All other parameters, including gender and smoking habit were equally distributed between these two groups. Patients were classified as smokers (43.2%), nonsmokers (45.5%), and for- The average plasma level of galectin-3 was 9.31 ± 2.86 ng/mL. None of the patients had a galectin-3 concentration > 17.8 ng/mL.
The galectin-3 concentration had a negative correlation with the total body height, total body weight, BSA, hemoglobin, low-density lipoprotein cholesterol, and hsTnI levels. It was found to be directly and significantly proportional to the following variables: age, left ventricular end-diastolic diameter index (EDDI), platelet count (PLT), urea, hs-CRP, and BNP.
Higher galectin-3 levels were observed in male patients (p < 0.001), patients with DM (p < 0.05) and arterial hypertension (p < 0.05), and patients treated with ticagrelor, compared to those treated with clopidogrel (p < 0.01).
Using standard linear regression, we developed a statistically significant model which included gender, the presence of DM, the use of ticagrelor, and EDDI. Independent covariates were gender (p < 0.01) and EDDI (p < 0.05). The odds of having elevated galectin-3 levels were higher in males by 69.3% and for every increase in EDDI (by 1 mm/m 2 ) by 74.8%.
An ROC curve analysis was performed to determine the optimal cut-off values of galectin-3 and BNP concentration cut-off value for predicting AF in patients with AMI (Fig. 1) . For galectin-3, the optimal cut-off value was 7.57 ng/mL (AUC = 0.656, 95% CI: 0.540-0.772, sensitivity 86.3%, specificity 48.6%, p < 0.05). In contrast to galectin-3, the AUC of the ROC curve for BNP was not statistically significant (p = 0.098).
Patients with AF were classified into two groups according to the previously determined cut-off value for galectin-3. Seven patients (13.7%) had AF and low galectin-3 concentrations. Patients with low levels of galectin-3 and AF had higher hemoglobin (p < 0.05), hematocrit -HCT (p < 0.05), cholesterol (p < 0.05) and lowdensity lipoprotein levels (p < 0.05), which may have contributed to the occurrence of AF in spite of low galectin-3 levels. In addition, a galectin-3 concentration below 7.57 ng/mL was associated with lower urea (p < 0.05), hsTnI (p < 0.05), hs-CRP (p < 0.05), and BNP (p < 0.01). No association was found between the galectin-3 level (below and above the cut-off value) and the frequency of comorbidities (diabetes mellitus, arterial hypertension), medications prescribed or smoking habit.
Using binary logistic regression, a model including four variables was developed. Independent variables were: age, CHADSVASC score, hs-CRP levels, and an increased galectin-3 concentration above the previously determined cut-off of 7.57 ng/mL. Patients with high galectin-3 have 4.4 times higher odds of having AF.
After dividing patients into three groups (without AF, with permanent/persistent AF and with paroxysmal AF), the quantitative characteristics of each group of patients are shown in Table 1 . Levels of galectin-3 were lower in patients without AF (p < 0.01) than in patients with permanent/persistent AF, while the difference between patients with paroxysmal AF and each of the other two groups was not significant. Moreover, these two groups differed in the diameters of the left atrium and left ventricle. The left ventricle and atrial echocardiographic parameters were lower in patients without AF (left ventricle end-diastolic diameter [EDD], p = 0.028; left ventricle end-systolic diameter, p = 0.05; left atrial diameter (LA), p = 0.001; LA index, p = 0.007). Additionally, hs-TnI concentrations were lower (p = 0.0018), while the hs-CRP concentration was higher (p = 0.022) in patients with permanent/persistent AF compared with those without AF. Paroxysmal AF was associated with lower EDD, ESD, and LA, while lower levels of hs-TnI were seen in permanent/ persistent AF.
The distribution of gender, comorbidities, and smoking habit was similar in each pair of groups according to the AF status. Left ventricular dilatation was more frequent among patients with permanent/persistent AF than in patients without AF (p < 0.05).
Discussion
The primary aim of this study was to compare the levels of galectin-3 in AMI patients with or without AF. We found that patients with AF had significantly higher levels of galectin-3 and hs-CRP than those without this arrhythmia. Patients with galectin-3 > 7.57 ng/mL had 4.4 times higher odds of having AF. The levels of galectin-3 positively correlated with hs-CRP and BNP. Also, patients with different types of AF (paroxysmal/persistent/permanent) did not have significantly different galectin-3 levels. Higher levels of galectin-3 were more likely to be found in males and in patients with a dilated left ventricle.
AF is very frequent in AMI patients, and these patients face an increased risk of severe complications, including heart failure, stroke, and premature death. Namely, pathophysiological mechanisms that lead to remodeling of the atrial structure and development of AF also underlie cardiac remodeling and heart failure [14, 15] . A number of studies have shown an association between high circulating levels of galectin-3 and increased risk of developing AF [14] .
We examined the association between different risk factors for AF, as well as coronary artery disease, and galectin-3 levels in AMI patients with AF. In a study conducted on the Prevention of REnal and Vascular ENdstage Disease (PREVEND) in nondiabetic residents of Groningen, galectin-3 values were higher in females than in males and were elevated with increasing age [7] . In our study, galectin-3 was higher in male patients. This could be explained by diabetes being significantly more frequent in our male patients (59.4 vs. 40.6%, p < 0.05), and by the fact that our male participants were significantly older (70.53 ± 10.2 vs. 63.93 ± 11.33 years, p < 0.01). De Boer et al. [7] showed that galectin-3 was higher in patients with arterial hypertension and diabetes mellitus, which was also a finding in our study. However, recent studies showed that higher circulating galectin-3 concentrations were found to be associated with an increased risk of development of AF over the subsequent 10 years in age-and gender-adjusted analyses [16] .
In other studies, galectin-3 has also been associated with cardiovascular risk factors except current smoking status, which was observed in our study [17] . Weigert et al. [18] found that galectin-3 levels were lower in obese patients with diabetes mellitus. Galectin-3 levels were lower in our patients with lower BSA height and weight. This could be a consequence of lower concentrations of galectin-3 being secreted by adipocytes in obese individuals, irrespective of AMI. Galectin-3 and hs-TnI were negatively correlated in our study. Moreover, any correlation between galectin-3 and TnI reported at admission was lost before hospital discharge in other studies. Galectin-3 decreases immediately after necrosis, while TnI decreases over 15 days after the acute event [8] . We measured galectin-3 on the third day after admission when it was decreasing, while TnI was in the "wash-out phase" after PCI and possibly had a secondary peak [19] . Patients with higher galectin-3 levels had ticagrelor more often than clopidogrel in therapy, which could be explained by the larger atherosclerotic burden in those patients, observed in earlier studies [20] . The average levels of galectin-3 in our patients were lower than those reported in younger healthy individuals [21] . This could be the result of dynamic changes in galectin-3 concentrations in AMI and the timing of measurement [8] .
Very few studies have shown a correlation between CRP, an established marker of inflammation, and galectin-3 in AMI. One study showed that galectin-3 and hs-CRP significantly increased in patients with NSTEMI with preexisting AF, compared with patients without AF. Also, hs-CRP, but not galectin-3, was a predictor of a worse outcome during the 15-month follow-up [22] . Szadkowska et al. [23] found a weak relationship between 3 measured biomarkers: galectin-3, BNP and hs-CRP, which supports the observations that these proteins reflect different pathways in the pathophysiology of cardiac injury. Our results are in line with those findings.
Gurses et al. [24] showed that galectin-3 levels were higher in patients with persistent AF than in those with paroxysmal AF. The significant difference in galectin-3 levels between patients with persistent AF and those with paroxysmal AF may be due to the prominent structural remodeling of the left atrium in patients with persistent AF. Similarly, in our cohort, paroxysmal AF was associated with significantly lower diameters of the left ventricle and atria in comparison with those with permanent/ persistent AF. Also, increased EDDI was associated with low plasma levels of galectin-3.
Considered together, age, CHADSVASC score, hs-CRP levels and galectin-3 > 7.57 ng/ml were independent predictors of the existence of AF in AMI, unlike BNP. Therefore, galectin-3 may be considered as a predictor of a worse outcome (possible development of heart failure) in AMI patients and an independent marker of the presence of AF. This could indicate patients who will need more aggressive treatment in this clinical setting.
A negative correlation between galectin-3 and LVEF in AMI patients was previously noted by other authors [25] . The independent predictors of high galectin-3 levels were male gender and EDDI in our patients. Andrejic et al. [26] found in NSTEMI patients that a left ventricular ejection fraction below 45% was a good predictor of the galectin-3 concentration in patients with acute coronary syndrome and with already decreased LVEF. Presumably, those patients with a low ejection fraction had an enlarged left ventricle or EDDI.
Interestingly, galectin-3 has a different and controversial role in the early and late phases of AMI. It contributes to the reparative processes in the infarcted area, in the early phase, which is essential for the maintenance of LVEF. In the later phase, galectin-3 may support the transition from acute to chronic inflammation and trigger cardiac fibrosis, leading to adverse ventricular remodeling and, finally, heart failure and a decrease in LVEF [27] . With the aim of highlighting the important contribution of galectin-3 to cardiac fibrosis and remodeling, a few recent studies assessing the pharmacologic inhibition of galectin-3 have suggested that this may be a method for the prevention of heart failure [28] .
One of the limitations of this observational study is that we included a small number of patients. Also, we do not have the serial measurements of galectin-3 levels for comparison. Patients were not followed up immediately upon initial hospitalization. Therefore, we need more studies regarding the role of galectin-3 in AMI to be able to make more solid conclusions regarding its role in the prognosis and therapy in this setting.
Conclusion
Patients with AMI and AF have higher levels of galectin-3 than those without this arrhythmia. High concentrations of this biomarker are associated with an enlarged left atrium and ventricle, and with a higher risk of AF (paroxysmal or persistent/permanent). This biomarker of inflammation and fibrosis could be a potential target in the treatment of AMI patients at high risk. However, more prospective studies are needed to substantiate these findings.
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